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The objectives of this research were to determine
aldosterone concentration in the plasma and urine in rats
with damaged adrenals and to ascertain whether impaired
adrenals have an effect on the development of hypertension.
Fifty male Sprague-Dawley rats (190-300 gm) were
divided into three groups. Group I consisted of 10 adrenal
ectornized rats and 6 controls with both adrenals intact.
Experimental rats in this group received 6 micrograms/rat!
day of d—aldosterone—21-acetate injected intraperitoneally
and 1.0% saline was given for drinking water. The controls
received tap water ad libitum. Group II consisted of 5 rats
with one-partially damaged adrenal (1-PDA) and the other
adrenal gland was removed. Three controls had one adrenal
gland intact and undamaged. Both experimental and control
rats for this group received 1.0% saline for drinking water
Group III consisted of 5 rats with both adrenals partially—
1].1
damaged (2-PDA), and 3 controls with both adrenals undamaged.
Experimental and control rats received 1.0% saline for drink
ing water daily.
The adrenal glands in Groups II and III were damaged
by cauterization using a Birtcher (Model 732) Hyfrecator.
Sodium pentobarbital (Nembutal, L10 mg.kg) was used for the
anesthetic agent and all operations were performed under
aseptic conditions.
Weight, blood pressures and 2L~-hr urines were taken
at 7, 15, and 30 days after the operations. The New England
Nuclear protocol was used for the radioimmunoassay of
aldosterone. The mean urine aldosterone values in groups I,
II, and III (test rats) were 1.75, 2.L~0, and 1.55 ng/2L~. hr
over the 30 day period. The mean urine aldosterone values
in the controls were 1.L~0, L~.60 and 6.60 ng/2L[ hr respec
tively. These results show that the cauterization technique
was possibly effective because the mean 30-day output of
aldosterone was lower in the partially-damaged adrenals
(1-PDA and 2-PDA) than in the respective controls.
These findings support the fact that at 7 days the
partially-damaged (1-PDA and 2-PDA) control animals were
subjected to 1.0% saline as drinking water there was
increased excretion of aldosterone with low urine sodium
values, whereas at 15 and 30 days the 1-PDA and 2-PDA con
trols have low urine aldosterone values with elevated urine
sodium levels. There was no significant increase in blood
iv
pressure over the 30-day period, which may suggest that im
paired adrenal function might delay any gradual or rapid
increase in blood pressure.
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Modern developments in mineralocorticoid physiology
began in the late 1920’s when the value of adrenal insuf
ficiency using sodium salts as replacement therapy was first
recognized by Marine and Baumann (1927). Leutscher (1956)
reported possibly the first evidence of an electrolyte
regulating hormone.
The adrenals which secrete several important hor
mones are the ~ organs of the body. The hormones
are classified as glucocorticoids, mineralocorticoids and
catecholamine s.
Aldosterone is the major mineralocorticoid secreted
by the adrenal gland, and it was isolated by Simpson and
Tait (1953). Since the isolation of aldosterone, other
research has been directed toward the mechanisms of action
by this steroid hormone. Aldosterone has been shown to
control sodium retention and potassium excretion in a
variety of target tissues, including the kidneys, sweat
glands, intestines, and salivary glands.
Aldosterone is secreted from the cortical layer of
the adrenal gland; this layer contains the glomerulosa
cells, which are thought to be the receptor sites for
angiotensin II (A II). The measurement of this metabolite
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has been widely used as a reliable index of the daily adrenal
secretory rate of aldosterone in normal and abnormal sub
jects, in the absence of kidney impairment or liver disease.
Aldosterone secretion is controlled by three main
factors: (1) the renin-angiotensin system, (2) adrenocorti
cotrophic (ACTH) stimulation, and (3) potassium, with the
renin-angiotensin system probably being the major regulatory
mechanism.
Two theories of the mechanism of action of aldosterone
have been proposed: (1) the “sodium pump hypothesis” by
Edelman and Fimognari (1968), and (2) the “permease hypothe
sis by Sharp and Leaf (1966). The “sodium pump hypothesis”
suggests that the protein synthesis response increases sodium
transport by increasing the AT? supply to the sodium pump,
thus increasing the pump’s activity. The “permease hypothe
sis suggests that binding of aldosterone to physiological
receptor sites in the target tissue, induces protein
responses and the newly synthesized protein then acts as a
permease and facilitates sodium ion uptake into the tissue.
There are through to be hormone-receptor sites for
aldosterone, which correlates with the work of Toft et al.
(1968) who separated the hormone-receptor complexes of
estrogen, another steroid hormone. Similar receptor pro
teins have since been identified in the target tissues of
all of the known steroid hormones.
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Angiotensin II is a very powerful vasoconstrictor and
was thought to directly cause aldosterone secretion, but
Williams et al. (197L~) and Bravo et al. (1973) found dif
ferences in vascular receptors and adrenal glomerulosa
receptors by using different analogues of A II. Presently,
it has been proposed by Peach and Chiu (197L~) that a hep
tapeptide (des—Asp1—angiotensin II), also called angiotensin
III (A III), can be made from A II by cleaving an amino acid,
thus activating the glomerulosa cells, but no specific recep
tor sites for A III have been found, as of yet. It is
thought that this action takes place intracellularly which
possibly would cause discrepancies found in the studies
with A II. Also the by G.lossman et al. (197L~) shows the
displayment of a cation dependence for A II.
Pobassiun concentration and ACTH have definite
effects on aldosterone secretion. Gluhy and Axelrod (1972)
and (Rayfield et al., 1973) have reviewed these to regula
tory mechanisms. The sites of action of the 3 well—known
stimulators of aldosterone secretion are not specific as of
yet because they show variances in their effects under
different physiological conditions.
High blood pressure is believed to be caused by an
increased tension in the walls of vessels of large arteries,
arterioles and capillaries (Goldblatt et al., 193L~). The
renin-angiotensin system is a mechanism that will cause
elevated blood pressure. Renin acts on plasma angiotensinogen
which is broken down to form angiotensin I (A I) and A II
which stimulates the biosynthesis of aldosterone in the
adrenal cortex. Aldosterone promotes sodium reabsorption
in the renal tubules which causes an increase in plasma
volume and expansion of the arterio1~ar tree which is the
signal for cessation of renin secretion.
Primary aldosteronism is usually due to an adenoxna
of the adrenal cortex which causes unilateral hyper
secretion of the steroid (Conn, 1955). Secondary aldo
steronism is usually caused by excessive angiotensin pro
duction (Kaplan, 1965). Deane and Masson (1951) reported
that the adrenal cortex has a major role in the production
of hypertension.
The objective of this research therefore is to
determine the aldosterone concentration in the plasma and
urine of rats with impaired adrenals in order to ascertain




Since the discovery of aldosterone, the mechanism by
which this hormone regulates elecyrolyte balance in the
kidney and its other target tissues has been intensively
studied (Gaunt, 1932; Simpson and Tait, 1953; Dorfman et
al., 1914.7). The increased interest in aldosterone has
resulted from the realization of the significant role it
plays in the fluid and electrolyte abnormalities associated
with hypertension, congestive heart failure and a variety of
diseases of the kidney and heart. Aldosterone secretion by
the adrenal cortex is influenced by several factors: the
renin-angiotensin system, adrenocorticotrophic hormone
(ACTH), the plasma sodium concentration and the plasma
potassium concentration.
Modern developments in mineralocorticoid physiology
stem from the late 192O~s when the value in adrenal insuf
ficiency using replacement therapy with sodium salts was
first recognized (Marine and Baumann, 1927). In the mammal,
direct physiological effects of aldosterone have been esta
blished in the kidneys, intestines, sweat gland, and salivary
glands, all of which reabsorb sodium salts. It has been
found that daily administration of aldosterone and other
mineralocorticoids lead to an initial sodium retention;
S
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however after several days the patient began to excrete
sodium in the urine in amounts equaling or exceeding the
daily salt intake, despite continued administration of
aldosterone or other mineralocorticoids (August et al.,
1958). The essential features of the effect of aldosterone
on the composition of the urine have been described by
Barger et al. (1958). In these studies, when aldosterone
was injected into the renal artery of dogs, a latent
period of some 20 to 60 minutes followed before any effects
were seen. After the latent period, sodium excretion in
the urine was reduced, whereas the excretion of potassium
and hydrogen ions was increased.
Niller et al. (1968) did experiments pertaining to
aldosterone secretion and plasma renin during renin—infusion
and acute salt depletionin dogs. The similarity of the
renin-aldosterone does responses to exogenous renin and salt
depletion gave further support to the hypothesis that in
creased aldosterone secretion using acute salt depletion
models can possibly be accounted for by changes in plasma
renin activity. Studies on the influence of acute sodium
and volume depletion on aldosterone secretion in nephrecto
mized patients were done by McCaa et al. (1973). These
data indicate that acute sodium depletion by hemodialysis
accompanied by decreased plasma sodium concentration with
out a change in plasma potassium concentration or fluid
volume can stimulate aldosterone secretion independently of
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the renal renin-angiotensin system. McCaa et al. (l97L~)
also did studies showing evidence for a role of an unidenti
fied pituitary factor. Their data indicated that acute
reduction in plasma sodium will promote increased aldos
terone secretion in the absence of the renal plasma-angioten
sin system but only when the pituitary gland is present and
also that some non-ACTH pituitary factor(s) is involved in
the regulation of aldosterone secretion during alterations
in sodium balance. According to the data of Spielman and
Davis (l97L~~), very high aldosterone levels prevail in the
sodium-depleted rat and the data suggest a role for angio
tensin II (A II) in the regulation of aldosterone secretion
and maintenance of arterial blood pressure in the sodium-
depleted rat. Sealy et al. (1972) showed lowered aldosterone
levels with sodium-loading experiments. Experiments by Marieb
and Muirow (1965) used rats to show that stimulation by angio
tensin was only slight and that nephrectomy failed to lower
the high aldosterone secretion rates of sodium-depleted
rats; this does not support the hypothesis that the renin
angiotensin system is the major regulator of aldosterone
secretion in the rat. Studies conducted by Freeman et al.
(1975) indicate that the renin—angiotensin_aldosterone sys—
tern is suppressed in the spontaneously hypertensive rat
(STIR) but does not suggest that the system is critically
involved in the hypertensive process in these animals.
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The factors which operate to control the rate of
aldosterone secretion in man are still not completely under
stood. There is considerable evidence that angiotensin,
when liberated by renin, can play a major role in causing
increased aldosterone secretion (Laragh, 1960). Thus, exces
sive secretion of aldosterone is thought possibly to be a
prominent feature of malignant hypertension (Laragh et al.,
1960) a situation in which circulating angiotensin levels
may be increased. It has also been showii that small amounts
of infused angiotensin can cause arterial hypertension while
not having the capability to stimulate increased aldosterone
secretion. A great deal of work has been done in trying to
determine the roles that aldosterone, renin and angiotensin
play in the pathogenesis of different types of hypertensive
diseases.
Masson et al. (1962) showed that experimental vas
cular disease developed in uninephrectomjzed rats when they
were given daily injections of aldosterone and renin. They
also demonstrated that like desoxycorticosterone (D~k),
aldosterone caused hypertension and sensitized the animals
to renin but unlike DCA, aldosterone hypertension is not
entirely dependent on an excess of dietary salt. According
to the studies of Singer et al. (1963) it was concluded
that the increase in aldosterone secretion in experimental
renal hypertension in rats is related to the response of the
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untouched kidney to the clamping of the renal artery of the
other kidney.
Laragh et al. (1966) showed that studies of 73
consecutive patients with essential hypertension provided
no indication that an abnormality in aldosterone secretion
or metabolism participates in the pathogenesis of this con
dition. Furthermore, no instances of primary aldosteronism
were discovered, however, inoroaood aldosterone secretion
was frequently observed in the more advanced forms and
stages of hypertensive diseases.
DeJong et al. (1969) reported that the adrenal cor
tex is not essential for the development of both renal
hypertension and renin-induced hypertension in intact and
adrenaleetomized rats.
It is apparent that blood pressure homeostasis is
achieved through a complex system of interacting components
in which a disturbance of any one might be reflected in a
deviation of the pressure from normal to pathological.
Hypertension and adrenal hyperfunction implicates the
adrenal cortex in blood pressure regulation. It is well
known that hypertension is associated with increased aldos—
sterone production in Conn’s syndrome (Conn, 1961), and
increased cortisol production in Cushing’s syndrome (Brooks
et al., 1963), and also increased deoxycorticosterone secre
tion in some cases of congenital adrenal hyperplasia
(Eberlein and Bongiovanni, 1956).
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Adrenal-regeneration hypertension (ARH) is a well
established experimental disorder in the rat (Hall et al.,
197)4.; and Skelton, 1955 and 1959). Three types of adrenal
injury can possibly cause hypertension in the rat;
enucleation, compression, and acupuncture. Usually the
adrenal medulla is destroyed, but either of them can induce
the same changes in adrenal function, or adrenal trauma can
initiate more than one type of derangement.
Gaunt et al. (1967) reported that in the days
immediately following adrenal-enucleation, rats were unable
to excrete an orally administered sodium load normally and
this phenomenon may be related to the subsequent develop
ment of hypertension. Apparently, adrenal-regeneration
hypersecretion is more easily induced in immature rats than
in mature animals, and fails to develop if both kidneys are
present (Skelton, 1955). The studies by (Hall, Ayachi and
Hall, l97L1~) show hypertension developing from enucleation
and compression of adrenal glands without evidence of early
sodium retention. All the rats in this study were subjected
to nephroadrenalectomy. The same investigators did studies
showing hypertension in rats following multiple acupuncture
o~ the adrenal glands.
Masson and Corcoran (l97L~) did studies showing
hormonal influences on adrenal-regeneration hypertension.~
Their studies suggest that the amounts of ACTH necessary to
stimulate adrenal regeneration are greater than those
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necessary to produce adrenal hypertrophy. Indeed, there is no
adrenal regeneration when a normal adrenal is present, and
stress fails to initiate regeneration although the contra-
lateral adrenal greatly hypertrophies. The study also
suggests that uniadrenalectomy increases sensitivity of the
remaining adrenal to ACTH so that uniadrenalectomy may be a
sensitizing factor in ACTH-hypertension.
Experiments by Hall et al. (197L~) chow that increased
salt—intake augmented by sucrose resulted in the rapid
evolution of salt hypertension, under which circumstances the
contribution of regenerating adrenals was possibly observed.
lb is thought that these findings suggest that the outcome is
principally determined by experimental variations, such as the
rate of adrenal regeneration. Also, it is thought that suscep
tibility of certain forms of hypertensive disease appear to be
genetically determined. Dahi et al. (1962) initially demon
strated this hypothesis in rats, using the salt-induced hyper
tensive model, and also through selective inbreeding developed
susceptible and resistent strains.
Recent literature on aldosterone has been centered
around the fole of A II in the control of aldosterone secre
tion from the adrenal cortex, and also the importance and
function of A II receptors (Rayyis and Horton, 1971; Boyd et
al., 1972; Peach and Chiu, 197Li; Williams et al., 197L1..; and




Male Sprague-Dawley rats obtained from Carwoth Farms,
Portage, Michigan were used in this investigation. A diet
of Purina Chow and water were made available ad libituni.
The rats were housed in plastic oagoo. Sodium pentobarbita].
(Nembutal, L~O mg/kg) was used for the anesthetic agent and
all operations were performed under aseptic conditions.
Blood pressures were measured and recorded with the
following: a programmed electrosphygmomanometer, pneumatic
pulse transducer, rat holder, and a Physiograph recorder.
These instruments were purchased from Narco Bio-Systems Inc.,
Houston, Texas. A Birtcher Hyfrecator (Model 732, Atlanta,
Georgia) was used for cauterization of the adrenal glands.
Ions were measured by an atomic absorption spectrophotometer
purchased from Perkin-Elmer Corporation (Model 107, Norwalk,
Connecticut). All radioactive kits were obtained from New
England Nuclear, Biochemical Assay Labs, Worcester,
Massachusetts. All counts were determined on a LS-230






The adrenal glands of 1~ rats (weighing between 190-
300 gm) were removed. A small incision was made high on the
right side at an angle between the last rib and the verte
brae column. After the removal of perirenal fat surrounding
the gland, the fat below the adrenal gland was grasped with
curved forceps and separated from the kidney. After
separation a second pair of forceps were used to lift the
adrenal gland away from the fat beneath it and the kidney.
Then the left adrenal gland was removed in a similar manner,
except that the incision was made more posterior and central.
The experimental animals received 6 micrograms/rat/day of d
aldosterone 21-acetate injections, and 1.0% saline for
drinking water (DeJong et al., 1969). Six controls with
both adrenals intact received tap water ad libituin.
One-partially damaged_ad~enal gland.
One adrenal gland of 6 rats (230-280 gin) was damaged
by cauterization. A small incision was made high on the
right side at an angle between the last rib and the verte
brae column. After the removal of perirenal fat surround
ing the gland, the adrenal cortex was cauterized at 2S volts
for S seconds. After which, the left adrenal gland was
removed. Three controls had the right adrenal gland intact
and the left adrenal removed. Both experimental and control
rats received 1.0% saline for drinking water.
lii-
Two-partially damaged adrenal glands.
Both adrenal glands of 6 rats (250-280 gin) were
damaged by cauterization. A small incision was made high
on the right side at an angle between the last rib and the
vertebral column. After the removal of perirenal fat sur
rounding the gland, the adrenal cortex was cauterized at
25 volts for 5 seconds. The cortex of the left adrenal
gland was cauterized al8o, u3ing 25 volts for 5 seconds.
Three controls had both adrenals intact and undamaged.
Experimental and control rats received 1.0% saline for
drinking water daily.
Urine output and fluid intake.
Twenty-four hours before measuring the blood
pressure, all experimental and control rats were transferred
to metabolism cages (1 rat in each cage). Fluid intake and
2L~-hour urine collection was obtained from each rat. Urine
volume was also measured at this time. The urine was
stored (-20 C) until it could be assayed. These measure
ments for 2Li-hour urine and fluid intake were taken on 7,
15 and 30 days of the experiment.
Blood pressure measurements.
After weighing, each rat was placed in a rat holder
and placed in a warming system for about 5-10 minutes,
before taking the blood pressure. This was necessary in
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order to increase the circulation of blood in the cauda].
artery. Blood pressure was measured by the tail-cuff method
using a programmed electrosphygmomanometer with a pneumatic
pulse transducer. Three recordings were taken on each rat
and the mean blood pressure determined.
Collection of blood.
At the end of 30 days the rats were decapitated and
blood was collected in plastic centrifuge tubes rinsed in
ethylenediaminetetraacetjc acid (EDTA). The tubes were
centrifuged for 20 minutes at 2000 rpm in a refrigerated
centrifuge. The plasma was stored in a freezer (-20 C)
until it could be assayed.
Radioi~nunoassay of aldosterone.
All plasma and urine samples were assayed according
to the protocol of New England Nuclear Biomedical Assay
Laboratories. Plasma samples required no further prepara
tion, but in urine samples, the aldosterone released by acid
hydrolysis was measured. Hydrolysis was achieved by adjust
ing a 10 ml urine sample to pH 1.0 ± 0.5 with a minimum
volume of 6N Hcl. The 30 day plasma samples were pooled to
obtain sufficient aliquots.
Extraction: An appropriate aliquot of sample, 1.0 ml for
urine and 5.0 for plasma, was transferred to stoppered glass
tubes and 0.1 ml of recovery tracer was added to all sam
ples to provide data for recovery determination. Next
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added was 10.0 ml of methlene chloride for each ml of sample
to be assayed and vortexed for 30 seconds, then centrifuged
for 5 minutes at 1500 rpm. The aqueous phase was aspirated
and the extract was serially washed with one-tenth volumes
of 0.1N sodium hydroxide, acetic acid and water. The extract
was dryed under a stream of air, 37 C. Multiple washings
with small volumes of absolute ethanol and redrying concen
trated the steroids in the tip of the tubes.
Separation: New England Nuclear minicolumns were prepared
by transferring a slurry of 850 nag of Sephadex LH-20 (Sigma
Chemleals, St. Louis, Missouri) dissolved in 5.0 ml of a
benzene-naethanol (BM) solution. Five ml of cyclohexane
benzene-methanol (CMB) was passed through the column and
drained to the top of the gel bed prior to applying the
sample. The air-dryed extract redissolved in 0.2 ml of CBN
and applied to the top of the column. After the sample had
entered into the gel bed a second-washing of CBM was applied;
6.0 ml of CBM was added, the eluate was collected, then L~.0
ml of CBM was passed through to elute the aldostepone. The
eluate was dried, redissolved with 2.0 ml of assay buffer,
then 1.0 miof the buffer-eluate solution was used for
direct counting in order to determine fractionai recovery.
The reconstituted urine extracts required additional 5-fold
dilution whereas the plasma extract was assayed without
further dilution.
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Preparation for radioactive counting: Assay tubes (in
duplicate), including total counts, blanks, standards and
samples were placed in an ice bath. Assay buffer, standard
solutions, and plasma and urine samples were pipetted into
the appropriate tubes, then 0.1 ml of assay tracer and 0.05
ml of antiserum was added to all of the assay tubes. Each
tube was vortexed for 30 seconds and all of the tubes were
incubated at L1.. C for 2L~ hr. After the incubation period,
the tubes were transferred to an ice bath and 1.0 ml of
cold dextran-coated charcoal suspension was added to all
tubes, except the total count tubes. The tubes were vortexed
briefly, incubated for 5 minutes and centrifuged for 20
minutes at 2000 rpm in a refrigerated centrifuge. The
supernatant fraction of each tube was decanted into
scintillation vials and 7.0 ml of Aquasol, scintillation
fluid (NEN) was added. Each tube was vortexed and counted
for 5 minutes under conditions optimal for tritium in a
LS—230 Bec1~nan liquid scintillation counter.
Sodium and potassium determinations.
Plasma and urine were analyzed for sodium and
potassium content by diluting the samples (1:50 for both
sodium and potassium) with deionized water. The flame
emission mode on the atomic absorption spectrophotometer,
Perkin-Elmer Corporation, Norwalk, Connecticut) was used to
measure the concentration of each cation in mEq/l.
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HistoloSical studies on normal and ~artially-darnaged adrenal
Normal and partially—damaged adrenal were removed
from L~ rats over a period of 30 days, weighed and immediately
fixed in Bouin’s fluid for 2L~. hr. The adrenal glands were
dehydrated, infiltrated, embedded and cut on the microtome
into 10 micron sections. The sections were stained in
hematoxylin and eosin dyes. Microscopic examination corn—
pared normal ~idrenaln with partially-damaged and the degree




part of the experimental data was statistically
analyzed at the Atlanta University Computer Center, using
an IBM Computer (Model 1130). The remaining data was calcu
lated using an Olivetti programmable microcomputer (Model
p-652).
Adrenalectorriized rats.
The urine aldosterone levels of the adrenalectomized
rats were not significantly different as shown in Figs. 1
and 2 when compared with the noi~otensive Sprague-Dawley
rats at 7 days. (1.85 ~ 0.5L~. vs. l.L11. ± 0.79 ng/2L~. hr, p~O.2).
The l5-da~r values show a slight decrease when test rats are
compared with controls (1.69 ~ 0.33 vs. 1.16 ~ 0.38, p0.6).
After 30 days there was a slight increase in urine aldosterone
in the controls and experimentals but the difference was not
significant (1.77 ± 0.57 vs. 1.93 ± 0.28 ng/2L~. hr, p0.2).
There was no significant difference in the 30-day
plasma aldosterone (Figs. 3 and L~) values when compared with
the adrenalectomized animals and controls (0.56 ng/2L~.. hr vs.
o.8L~ ng/2L~. hr).
Urine sodium concentration in the adrenalectomjzed rats
was significantly higher than the controls at all 3 time
19
Fig. 1. A graph showing the urine aldosterone concentrations



















































































Fig. 2. A graph showing the urine aldosterone concentrations



















































Fig. 3. A graph showing the plasma aldosterone concentrations
in experimental rats at 30 days.1
~ Adrenalectomized rats
p:::::::: I —PDA rats
2-PDA rats
















Fig. L1.. A graph showing the plasma aldosterone concentrations






















intervals (Figs. 5 and 6). At 7 days the mean urine sodium
concentration of the test rats was higher than that for the
controls (89.214. t 37.30 vs. 53.21 ± 21.56 mEq/l, p~0.l).
At 15 days there was an increase in the urine sodium concen
tration in both groups (l0L~.28 ± L~i~.71 vs. 133.6L~ ± 71.08
mEq/l, p>0.6). The urine sodium concentrations in the test
rats and controls show a decrease at 30 days (69.91 ± 39.66
vs. 5)4~.79 ± 90.5]. mEq/l, p~0.3).
The plasma sodium concentrations (Figs. 7 and 8) were
only measured at 30 days and there was no significant dif
ference between the adrenalectomjzed rats and the controls
at this time period (56.77 ~ 5.21 vs. 55.36 ± 8.58 mEq/l).
In Figs. 9 and 10 the urine potassium concentrations
for all 3 time periods show that at 7 days there was a dif—
ference between the adrenalectomjzed and the normotensive
rats (1.87 ~‘ 0.66 vs. 3.33 ± 1.57 mEq/l, p>0.2). The urine
potassium levels in both groups at 15 days show no signifi—
cant difference (2.12 ± 0.29 vs. 2.0 ± 0.2)4.. mEq/l, p0.2),
but at 30 days a significant difference in urine potassium
levels of both groups was noted (1.68 ~ 0.56 vs. 2.20 ± 0.55
mEq/l, p.~0.0l). Plasma potassium values were determined on
30-day samples (Figs. 11 and 12). There was no significant
difference between experimental 1.76 ± 0.36 mEq/l and control
+(2.214. - 0.66 mEq/1) values.
Figure 13 shows the urine output and fluid intake was
significantly different for all 3 time intervals. The mean
Fig. ~. A graph showing the urine sodium concentrations in













































Fig. 6. A graph showing the urine sodium concentrations in













































Fig. 7. A graph showing the plasma sodium concentrations in































Fig. 8. A graph showing the plasma sodium concentrations in
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Fig. 9. A graph showing the urine potassium concentrations


























Fig. 10. A graph showing the urine potassium concentration
in the control rats at 7, 15 and 30 days.1
t~I Adrenalectomized controls
1~1 1 —PDA controls
2-PDA controls




































Fig. 11. A graph showing the plasma potassium concentrations

























Fig. 12. A graph showing the plasma potassium concentrations




1 Values are recorded as mean ± standard deviation.
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Fig. 13. A graph showing the urine output and fluid intake
in adrenalectomized rats at 7, 1,~ and 30 days.1
—• Experimental rats (fluid intake)
Control rats (fluid intake)
A—A Experimental rats (urine output)
~ Control rats (urine output)



























































Table 1. A summary of blood pressure and body weight in adrenalectomized Adx) rats
and rats with one partially-damaged (l-PDA) and two partially-damaged
(2-PDA) adrenal glands.
Animal Blood pressure Body weight
groups in mm Hg in gm
Days Days
(N)
Adx ~ 106,8±11.5a 105.6±12.0 102.6±12.9 29)4..6±2L~.6 3~9.6±L~.0.7 31~6.6±L~3.6
Controls 6 106.0± 89a 106.3± 8.9 105.8± 9.2 29O.3±22.L~. 393.8±31.9 399.5±30.7 4~
l-PDA 5 1098+117a 113.8±12,1 113.8± 9.5 289.2±L~l.7 369.6±i11.7 369.8±L1..7.7
Controls 3 1050+180a 105.0±18.0 107.7±16.7 285.6±12.5 361.6±35.0 367.3±33.5
2-PDA 5 956+135a llL~.7±ll.9 l3O.1±lL~.3 308.0±18.7 371.8±10.6 35L~.6±lL~.3
Controls 3 101.6± 52a 106.6± 7.6 107.2± 7.0 351.6±12.7 375.6±22.0 382.3±23.0
a+
- SD standard deviation of the mean
All values represent the mean for the number (N) of rats in each time interval
35
urine output was higher in the adrenalectomized rats than
in the controls at 7 days (12.70 ± 3.7 vs. 9.0 ± 3.2 ml/2L~
hr). The 30-day levels show an increase in urine output of
(10.6 ± 2.10 vs. 9.8 ± 0.75 ml/2L~ hr).
The fluid intake levels of the adrenalectomized and
control rats are also shown in Fig. 13. At 7 days there
was a difference in fluid intake in both groups (14.33 ± 1.92
vs. 2.50 ± 0.57 ml/2L~. hr). At l~ days (8.60 ~ 1.56 vs.
6.50 ± 0.8L1. ml/214 hr) and 30 days (10.60 ± 2.10 vs. 9.83 ±
0.75 m1/21.~ hr) there was no significant difference between
the urine output and fluid intake values of both groups.
Blood pressures and mean body weight measurements in
the adrenalectomjzed rats are summarized in Table 1. At 7
days the mean blood pressures of the adrenalectomized rats
+ +and controls were 106.8 — 11.5 vs. 106.0 - 8.9 mm Hg, p~0.7
and at 15 days, 105.6 ± 12.0 vs. 106.3 ± 8.9 mm Hg, p~0.3.
The mean blood pressure of the experimentals and controls
was 102.6 ± 12.9 vs. 105.8 ± 9.2mm Hg, p~’0.2 at 30 days.
The initial mean body weight (Table 1) of the adre
nalectomized rats, 255.1 ± 32.6 gm, increased at both 7 days
(295.6 i 2L~.6 gm) and 15 days (3L~9.6 ± L~0.7 gin) and show a
decrease in mean body weight at 30 days (3L1.6.6 ± L~3.6 gm).
The controls increased in body weight over the 30-day period.
Rats with 1-partially damaged adrenal.
As seen in Figs. 1 and 2, the urine aldosterone levels
in 1-PDA rats when compared with the controls were
36
significantly lower at 7 days (3.63 ± 1.01 vs. 10.87 ± 1.77
ng/2~ hr, p~0.O3). At 15 days both groups show a decrease
in aldosterone levels (1.91 ± 0.35 vs. 1.20 ± 0.37 ng/2L~.. hr,
p0.8, but at 30 days the test rats had higher aldosterone
levels than the controls, though the difference is not signi-.
ficant (1.72 ± 0.35 vs. 0.87 ± 0.31 ng/2L~. hr, p>O.l).
The 30-day plasma aldosterone values (Figs. 3 and Li~)
for the l-PDA rats and controls are similar (0.76 ng/ml vs.
0.72 ng/ml).
Figures 5 and 6 show the urine sodium concentrations
of l-PDA rats and controls. The 7-day group shows a dif
ference between the experimentals and controls (96.26 ±
~0.3 vs. 77.t16 ± i8.L~o mEq/1, p>0.5). The 15-day group
shows a significant decrease in the urine sodium of the
l-PDA rats and an increase in the sodium concentration of
the controls (53.59 ± L.1.7 vs. 153.L1 ± 6~.6 mEq/1, p~O.O3).
Also at 15 days the urine sodium concentration of the con
trols are two times greater than the experimentals. The
30-day values of the controls show a drop in urine sodium,
(61.36 ± 36.L~. mEq/l) while the test rats show an increase
in urine sodium, (92.~6 ± L~3.L1. mEq/l, p30.6).
The plasma sodium concentrations (Figs. 7 and 8) were
only measured at the 30-day interval and there was a dif
ference between the controls and l-PDA rats; the values
were 57.07 ± 8.58 and 51.1 ± 10.0 mEq/l, respectively.
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The urine potassium values of the 1-PDA rats were
higher than the controls at 7 days, as shown in Figs. 9 and
10, (2.12 ± 0.29 vs. 1.98 ± 0.2L1. mEq/l, p0.5). At 15
days the urine potassium values for both groups decreased
(1.68 ~ vs. 1,71 ± 0.35 mEq/l, p~’0.8). The 30—day
urine potassium values showed gradual decrease in both
groups, control and experimental (1.63 ± 0.66 vs. 1.55 ±
0.35 mEq/l, p0.8).
Plasma potassium values (Figs. 11 and 12) were deter
mined on 30-day samples only, no significant difference
was found between the experimentals and controls, (1.68 ±
0.51 vs. 1.87 ± 0.65 mEq/l).
Figure iL~ shows the urine output and fluid intake of
1-PDA rats. The urine output values at 7 days show a large
significant difference between the 1-PDA~ rats and the con
trols (1L1.2 ± 3.50 vs. 5.6 ± 1.10 ml/2~ hr). At 15 days the
experimental values decreased (8.L~O ± 1.50 ml/214 hr), and
the control values increased (6.30 ± 1.10 ml/2L1. hr). The
30-day values show a significant increase in the test rats,
10.3 ± 1.90 ml/2Li. hr and a decrease in the controls, 5.6 ±
2.30 ml/2L1~ hr. Over a period of 30 days the fluid intake showed
a gradual increase in the experimental animals and showed a
difference when compared with the controls at 30 days
(10.3 ~ 1.92 vs. 5.67 ± 2.31 ml/2L~ hr).
Blood pressures as shown in (Table 1) for both the
1-PDA rats and controls remained in the normotensive range
Fig. 1Lj.. A graph showing the urine output and fluid intake
of 1-partially damaged adrenal gland in rats at
7, 15 and 30 days.1
~— Experimental rats (fluid intake)
O-O Control rats (fluid intake)
A—A Experimental rats (urine output)
Control rats (urine output)







































































over a period of 30 days. At 30 days the mean blood pres
sure of the test rats was 113.8 ± 9.3 mm Hg as compared
with the controls whose mean blood pressure was 107.7 ±
16.7 mm Hg, p,0.5).
The mean body weight (Table 1) of the 1-PDA rats
increased from 252.1L~ ± 17.9 gm to 369.8 ± )47.7 gm over a
period of 30 days. The controls also showed an increase
in mean body weight over the 30-day period from 272.6 ~
11.0 to 367.3 ± 33.5 gm.
Rats with 2-partially damaged adrenals.
There was a significant difference, as shown in Figs.
1 and 2 between the urine aldosterone levels in the 2-PDA
rats as compared to the controls at 7 days (1.L~..9 ~ 0.57 vs.
17.15 ± 6.82 ng/2Lj hr, p<0.02). After 15 days, there was
a decrease in the control values, 1.32 ± 0.19 ng/2L~. hr,
p>O.1). The 30-day values are the same for both groups,
test rats and controls (1.56 ~ 0.L~7 vs. 1.56 ± 0.L~8 ng/2L~. hr,
p >-.5).
The plasma aldosterone values for 30 days are shown
in Figs. 3 and L~. The control values are 0.16 ng/2L~ hr and
the experimentals 0.2L~. ng/2L~. hr; there is no significant
difference when the two groups are compared.
Figures 5 and 6 show the urine sodium concentrations
in the 2-FDA and control rats. The 7 day values show a
significant difference in the experimentals when compared
L~0
with the controls (102.86 !‘ 71.19 vs. 60.71 t 26.68 mEq/l,
p<0.01). At 15 days the experimental values decreased while
the control values increased four times. A significant dif
ference can be seen between test rats and controls (51.17 ~
19.69 vs. 277 ± 65.0 mEq/l, p<0.06). The control values
+decreased significantly at 30 days (85.57 - 17.78 mEq/l),
while the experimentals remain at a constant value (51.16 ±
27.99 mEq/l, p~O.03).
The 30—day plasma sodium values (Figs. 7 and 8) show
a difference in experimental and control mean values (5L~.5L1~
± 16.8 vs. 62.20 ± 3.27 mEq/l).
As shown in Figs. 9 and 10 the urine potassium values
are given for the 2-PDA rats and controls. At 7 days (2.18
0.39 vs. 3.70 ~ 1.L~6 mEq/l, p<0.06) and 15 days (1.89 ±
0.22 vs. 2.L~5 ± 0.19 mEq/l, p~0.01) the controls have signi
ficantly higher values than the test rats. Only at 30 days
did the experimental rats have higher urine potassium values
than the controls (1.68 ± 0.56 vs. 1.20 ± 0.6L~ mEq/l, p>0.5),
but the values were not significant.
The 30-day plasma potassium values (Figs. 11 and 12)
show no significant difference between the 2-PDA rats (1.73
± 0.62 mEq/l) and the controls (1.55 ± 0.08 mEq/l).
Figure 15 shows a graph of urine output and fluid
intake of 2-PDA rats and controls over a period of 30 days.
The urine output of the 2-PDA rats at 7 days was 8.1 ± 2.50
ml/2Lj hr; it drops to 7.Lj..0 ± 0.55 ml/2Li. hr at 15 days and
Fig. 1~. A graph showing the urine output and fluid intake
of 2-partially damaged adrenals in rats at 7, 15
and 30 days.1
~— Experimental rats (fluid intake)
~--O Control rats (fluid intake)
A—A Experimental rats (urine output)
1.’i---I.~ Control rats (urine output)

























































increases to 9.50 ± 2.10 ml/2Li hr at 30 days. The control
rats follow the same pattern over the 30-day period, 8.0 ±
2.60 vs. 5.60 ± 1.10 vs. 7.60 ± 2.50 ml/21i. hr. There is no
significant difference seen in the fluid intake values over
the 30-day period when experimental rats are compared with
controls.
All the blood pressures (Table 1) of the 2-PDA experi
mental rats and controls remained at normobensive levels
during the 30-day period. Initially the mean blood pressure
of the 2-PDA rats was 95.6 ± 13.5 mm Hg and at 30 days the
mean blood pressure was 130.1 ± 1)4.3 vs. 107.2 ± 7.0 mm Hg,
p<0.02. It should be noted that at 30 days, two rats in this
group had systolic blood pressures of 1)4.6 and 1)4.8 mm Hg.
Thus, a significant difference can be seen in the 30-day
values when the experimentals are compared with the controls.
The initial mean body weight (Table 1) of the 2-PDA
+ +rats was 262.8 - 12.8 gm and increased to 371.8 - 10.6 gm
at 15 days. At 30 days the experimentals show a decrease in
weight, 35)4..6 ± lL~.3 gm. The controls initial mean body
weight was 330.3 ± 15.14. gm which increased steadily to 382.3 ±
23 gm over a period of 30 days.
Histological studies on normal and partially-damaged adrenals.
The damaged adrenal glands weighed between 0.19 - 0.22 mg.
The normal adrenal glands weighed 0.08 mg, thus, showing that
the cauterization possibly caused the adrenal glands to hyper
trophy and increase in weight. All of the slides show
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possible damage to the adrenal cortex. Histological slides
from normal adrenal glands (Fig. 16) show the capsule and
glomerulosa regions of the adrenal cortex. Histological
slides from 1 week (Fig. 17) after cauterization revealed
damaged areas in the capsule and zona glomerulosa; separa
tion of the capsule from the other adrenal cortical regions
was seen along with a reduction in cell nuclei.
Slides 2 weeks after cauterization still showed
damage to the adrenal cortical region, but it was less
demonstrable at this time period and some tissue repair
activity was seen (Fig. 18).
Slides 3 weeks after cauterization show active adre
nal regeneration. Nuclear activity, possibly increased











Figs. 16 - 19. A series of photographs showing the histo
logical changes caused by cauterization of
the adrenal gland. Fig. 16 (xlOO) shows
normal adrenal gland with capsule (C) and
zona glomerulosa (ZG). Figs. 17 — 19
(xli.30, xL1.30, xlOO) show the effects of




It is generally accepted that the renin—angiotensin
system plays an important function in renal hypertension in
experimental animals. It also plays a major role in the
normal regulation of salt and water metabolism through its
control of aldosterone secretion by the adrenal cortex.
Laboratory determinations of renin, aldosterone and angio
tensin II (A II) have become important in the study of hyper
tension due to renal artery disease or aldosterone hyper
secretion.
The most important stimulus of aldosterone secretion
is a reduction in blood volume, whether due to hemorrhage,
dietary sodium restriction, or sodium loss following admin
istration of diuretics. Other stimuli lead to a decrease in
mean arterial pressure which is associated with an increase
in the release of renin by the cells of the juxtaglomerular
apparatus. The enzyme, renin, then acts upon a circulating
alpha-globulin (renin substrate), releasing angiotensin I
(A I) which is then converted to A II. Angiotensin II is a
powerful stimulant of aldosterone production, only a few
nanograms being required to show an effect in man. Evidence
is accumulating to indicate that there are possibly different
Li.6
A II receptors in the adrenal glands and vascular smooth
muscle cells (Williams et al., 197~).
Peach and Chiu (197L~) propose that there is possibly
an angiotensin III metabolite (des—Asp1-angiotensin II)
involved in the control of aldosterone biosynthesis. It has
been shown that aldosterone possibly has a delayed action
on sodium transport. Experiments indicate that its action is
dependent upon the synthesis of an enzyme required by the
transport mechanism.
In relation to the work in our laboratory, the pri
mary objectives were essentially twofold, as previously
stated. First, it was our intention to ascertain what effect
does impaired adrena].s have on the development of hypertension
in salt—loaded animals and secondly, to determine if the
cauterization technique was applicable for adequately damag
ing the adrenal tissue in order to impede or stop normal
mineralocorticoid synthesis and release.
As previously stated, 3 types of adrenal injury can
cause hypertension in the rat, they are: enucleation, com
pression, and acupunture. Usually, the adrenal medulla is
destroyed, but either of the 3 can induce the same hyperten
sive changes in adrenal function.
Skelton (1955) stated that the adrenal—enucleated rats
gained less weight than the controls and at no time did they
consume significantly more saline solution than the control
rats. Also, despite the absence of an increased sodium
)4~7
chloride intake the adrenal-enucleated rats developed hyper
tension. The rats in these experiments were unilaterally
nephrectomized and adrenalectomized with contralateral adre
nal enucleation. Cardiovascular-renal lesions developed
and at 7 weeks and there was a highly significant enlarge
ment of the heart, kidney and brain in the adrenal-enucleated
rats.
The studies by Masson et al. (1962) purposed experi
ments that would define the properties of a hypothetical
steroid which would mimic adrenal regeneration hypertension
following removal of the regenerating adrenal and the con
clusions were drawn from the blood pressure values. Female
rats were used which had been uninephrectomized and uni
adrenalectomjzed and the contralatera]. adrenal enucleated,
and steroids were administered daily. When the rats were
given aldosterone there was no rise in blood pressure, while
with deoxycorticosterone acetate (DCA) hypertension developed
after a period of time. Dehydrocorticosterone was found to
be ineffective but corticosterone was found to be the best
substitute and possibly the etiologic agent for adrenal
hypertension.
Honore and Gardner (1971i) performed experiments which
showed the response of the cardiovascular system in adrenal
regenerative hypertension to vaso-active drugs using Wistar
rats. They removed the right kidney and adrenal gland and
enucleated the left adrenal while maintaining the rats on
L~.8
1.0% sodium chloride solution. They concluded that during
the development of adrenal-regeneration hypertension the
pattern of vascular response to noradrenaline, adrenaline,
vasopressin and oxytocin is changed but the response to
hypertension (angiotensin) and acetylcholine is unaltered.
Also they concluded that the altered responses are presumably
mediated by the endocrine disorder accompanying this form
of experimental hypertension.
Gaunt et al. (1967) reported that in the days
immediately following adrenal enucleation rats are unable to
excrete an orally administered sodium load normally, and this
phenomenon may be related to the~ subsequent development of
hypertension.
The studies by Masson and Corcoran (197L~) using imma
ture Sprague-Dawley rats subjected to uninephrectomy, uni
adrenalectomy and unilateral adrenal enucleation described
the influence of the sex hormones, adrenocortitrophic (ACTH)
and stimulatirg thyroid hormone (5TH) on the incidence of
hypertension. They concluded that the incidence of hyper
tension in rats subjected to adrenal enucleation was widely
variable, and that endogenous ACTH caused adrenal hypertrophy
and hypertension in uniadrenalectomjzed rats, but had no
effect on the adrenal-enucleated rats. STH greatly intensi
fled the hypertension developed from the adrenal-enucleated
rats.
L1~9
Hall et al. (197L~) did experiments showing the
effects of augmented salt ingestion upon adrenal-regeneration
hypertension. Female Sprague-Dawley rats (Josamar strain)
were subjected to uninephrectomy, uniadrenalectomy and adre
nal enucleation, also drinking solutions of 1.0% saline and
1.0% saline plus 5.0% sucrose were given daily. They con
cluded that rats with regenerating adrenal glands consumed
more total fluid and ingested more salt than did either
unilaterally adrenalectomized rats or intact controls when
1.0% saline solution was given to drink. On the dual solu
tion the intake of fluid and salt by all groups tended to
increase with time but among the controls rather than in the
experimental animals.
The studies by Hall et al. (197L~) showed that hyper
tension developed from enucleation and compression of the
adrenals without evidence of early sodium retention. Imma
ture female Sprague-Dawley rats were subjected to right
nephroadrenalectomy with enucleation and others with com
pression of the adrenal glands. A 1.0% saline solution was
substituted for water. They found that at 2L~. and L~8 hr
following the adrenal operations neither experimental group
exhibited impaired Na+ excretion, despite the expected
hypertensive response accompanied by renal and cardiac
hypertrophy involved in typical fashion. Also, experimental
animals consumed more saline solution than controls and
enucleated adrenals were smaller and the compressed adrenals
were larger than those of the controls. They also concluded
that post-enucleation sodium retention appears to relate to
the type of experimental model used and does not appear to
be essential to the subsequent development of adrenal-
regeneration hypertension.
Hall et al. (l97L~), studies hypertension in rats
following multiple acupuncture of the adrenal glands.
Immature female Sprague-Dawley rats were subjected to right
nephrectomy with compression of the adrenals and the other
rats received acupuncture of the adrenal glands. In the
second part of their experiment, all rats were subjected to
right adrenalectomy, They found that the rats with com
pressed adrenals drank larger amounts of 1.0% saline than
the controls, but rats with pierced adrenals drank the same
amount of 1.0% saline as the controls, The mean blood pres
sures were higher in the experimental groups due to the
development of hypertension than in the controls. Also,
the hearts and kidneys in the compressed adrenals enlarged
greatly while only the kidneys enlarged in the rats with
pierced adrenals. Hall et al. (l97L~) also stated that the
infliction of multiple adrenal wounds can cause hypertension
in sensitized rats, although the hypertension was pro
portional to the degree of adrenal injury.
In relation to the results obtained from our studies,
we believe that the cauterization technique used was effective
for damaging the adrenal glands. In our experiments, no renal
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malfunction was inflicted upon the animals at all and both
kidneys were intact. All the animals, except the tap-water
controls for the adrenalectomized rats, were given 1.0% sa
line drinking solution. The mean 30-day output of aldosterone
in all 3 experimental groups was 1.75, 2.L~0, 1.55 ng/2L~ hr
respectively. These results show that the cauterization
technique was effective because the aldosterone values are
lower in the partially-damaged adrenals (l-PDA and 2-PDA
rats) than in the controls. The relatively stable 30-day
plasma concentrations along with the relatively low 30-day
urine aldosterone values reveal perhaps a basal condition
or a partial shutdown in the aldosterone mechanism.
Speilman and Davis (l97L~) demonstrated increased
aldosterone excretion with sodium depletion so the reverse
situation (sodium—loading) should create lowered aldosterone
levels and this was found to be true by the sodium-loading
experiments by Sealy (1972). The previous results depict a
drop in urine aldosterorie, reaffirming the action of high
salt intake and the effectiveness of the impaired adrenals.
As previously stated, apparently adrenal-regenerative hyper
tension is more easily induced in immature rats than in
mature animals, and fails to develop if both kidneys are
intact (Skelton, 1955). In reference to our work, the blood
pressures in the previous studies showed no significant
increase over the 30-day period, because both kidneys
remained intact and were not damaged experimentally.
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The reciprocal relationship between sodium reabsorp
tion and potassium excretion in response to mineralocorti—
coids has long been recognized. Often a quantitative rela
tionship is implied between the sodium ions reabsorbed and
the potassium ions secreted into the urine. Evidence for
such a quantitative relationship in the kidney, however, is
lacking. In part, the gain in weight due to sodium and water
retention seen in normal subjects upon administration of
mineralocorticoids necessitates a net retention of solute;
that is, more sodium is retained than potassium lost.
The elevated urine sodium values of the experimentals
at 7 days shows the ability of the animals to excrete a
sodium—load with impaired adrenals. Also, the partially-
damaged adrenals show that they are able to regulate the
daily sodium-load over the 30-day period. The 30-day urine
sodium values indicate an increase in the l-PDA rats possi
bly due to the fact that the rats are compensating for the
loss of the other adrenal, and they must excrete more
sodium in the urine to regulate properly. The urine sodium
values of the 2-PDA rats remained at a steady state between
15 and 30 days showing possibly because the 2-impaired
adrenals regulated very well under sodium-loading conditions.
At 15 days the adrenalectornized rats have higher urine
sodium levels than the other two experimental groups, (53.0
and 59.0 mEq/l). This may be due to the daily aldosterone
injections plus any other endogenous sources of aldosterone
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being generated in the body along with the 1.0% saline
solution given daily for drinking water. The adrenalectomized
rats also showed a drop in urine sodium values after 15 days
possibly due to the “escape phenomenon.” It has been found
that daily administration of aldosterone and other mineralo
corticoids lead to an initial sodium retention of dietary
sodium; however, after several days the subjects began to
excrete sodium in amounts equaling or exceeding the daily
salt intake despite continued administration of aidosterone
or other rnineralocorticoids (August et al., 1958).
After 7 days the urine sodium content of the controls
was elevated in the rats with partially-damaged adrenals
than in the Sprague-Dawley normotensives, but when com
pared to the experimentals the control values are lower.
As previously stated, at 7 days the urine aldosterone
values of the l—PDA and 2-PDA controls are elevated. It
should be noted that the l-PDA controls had one adrenal
gland in comparison with the 2-PDA controls with 2 intact
adrenals; both groups were maintained on 1.0% saline solu
tion daily. The 15-day values of all 3 control groups have
elevated urine sodium concentrations. The sodium concentra
tions are significantly higher in the l-PDA and 2-PDA controls
possibly due to the effect of sodium-loading; creates lowered
aldosterone levels and elevated sodium excretion (Sealy et
al., 1972). Possibly the urine sodium values of the norino
tensive controls are elevated at 15 days, then drop at
SLi
30 days due to an increased amount of sodium in the tap water
which appears to be an attempt by the animals to regulate
sodium,, However, the aldosterone values for the normoten
sive controls fall within a normal range between l~ and 30
days. At 30 days the urine sodium concentrations of the
normals and l—pDA controls approached a 11steady state,”
while the 2-pDA controls are slightly higher, possibly due
to an increased adrenal mass regulating the sodium load.
The nature of the coupling of sodium reabsorption
with potassium secretion in ~he kidney has been examined by
Giebisoh ot al (1967). They concluded that potassium
secretion in the distal nephron is dependent on the transe
pithelial potential across the renal tubular epithelium,
which is generated by sodium reabsorption. This hypothesis
by Giebisch and co-worker provides a plausible explanation
for the potassium loss associated with the administration
of aldosterone. Increased sodium-intake caused lowered
aldosterone secretion; therefore, less sodium was reabsorbed
and more sodium ions were filtered out into the urine. High
sodium levels created low potassium values, thus, maintaining
horrieostasig in the body. A reverse situation would possibly
occur with low sodium levels. As previously stated, our
data agrees with this information since in the previous
studies, elevated urine sodium values in the experjmentals
created lower potassium levels, than in the control animals.
Another possible effect of high salt intake is plasma
volume increase in the animals. At all 3 time intervals the
experimental animals drank more 1.0% saline solution than the
controls, thus showing higher fluid intake values in the
experimental groups. Also the urine output values of the
experimental animals over a period of 30 days remained ele
vated when compared with the control rats.
All of the experimental animals showed an increase in
mean body weight over a 30-day period. The controls also
showed an increase in mean body weight over the 30-day
period.
In our studies the partially-damaged adrenals pre
pared for the histological studies showed hypertrophy and an
increase in weight when compared with normal adrenals.
It appears that cauterization damaged the capsule and
zona glomerulosa regions. The adrenal cortical areas con
sists of the zona glomerulosa, zona fasciculata, and zona
reticularis. It is believed that the zona glomerulosa is the
source of steroid hormones, especially aldosterone.
Although the cortical cells are highly susceptible to
injury, they have a great capacity for regeneration. In our
work, the regeneration of the capsule and zona glomerulosa




From the present investigation, it can be concluded that:
1. The New England Nuclear procedure for aldosterone was
validated by comparative analysis of urine and 30-day
plaoma from adrenalectomized rats, rats with damaged
adrenals (1 -partially damaged adrenal and 2-partially
damaged adrenals) and controls.
2. Urine aldosterone concentration remained essentially
the same in the adrenalectomized rats in relation to
their controls over the 30-day period. Endogenous
sources of aldosterone plus the daily injections of
d—aldosterone 21—acetate and 1.0% saline possibly helped
to maintain the homeostasis of adrenalectomjzed rats.
3. Urine sodium values for the adrenalectomjzed rats
fluctuated over a period of 30 days, and both groups
show an increase and decrease in their urine sodium
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values. Plasma sodium values for 30 days show no dif
ference between controls and experimentals.
14.. Adrenalectomized rats have lower urine potassium than
their respective controls.
5. Urine aldosterone concentration remained lower in the
1—PDA rats in relation to thoir controls over the 30—
day period. The 30-day plasma aldosterone values
remained essentially the same in the 1-PDA rats and
controls.
6. Urine sodium values for the 1-PDA rats were essentially
higher in relation to their controls over the 30—day
period.
7. There was no difference between the 30-day plasma sodium
values for the 1-PDA rats and controls.
8. Urine potassium values remained essentially the same in
1—PDA rats in relation to their controls over the 30—day
period.
9. Urine aldosterone values in the 2-FDA rats were irregular
over the 30-day period in relation to their controls;
both groups show increases and decreases in their values.
The plasma aldosterone values at 30 days, showed no
significant difference between test and control rats.
10. Urine sodium values in the 2-FDA rats over the 30-day
period compared with controls varied, and both groups
show an increase and decrease in their values, but the
variations were not significant.
There was a difference in the plasma sodium content of
experimental animals in relation to their controls but
this difference was not significant.
11. Urine potassium values in the control rats are higher in
relation to the 2—FDA rats over the 30—day period.
12. The 2-FDA rats showed the greatest increase in blood
pressure values over the 30-day period, but all blood
pressures remained below the hypertensive level in all 3
experimental groups.
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13. The histological slides show possible damage to the
adrenal cortex by using the cauterization technique.
This has been supported by histological observations.
The above conclusions support the hypothesis that the renin
angiotensin—aldosterone system possibly reacts to several
different stimuli; therefore, the findings of this research
support the fact that over a period of 30 days the experi
mental animals had lower aldosterone values than the con
trols. These results show that the cauterization technique
was effeôtive. There was no significant increase in blood
pressure over the 30—day period, which may suggest that
impaired adrenal function might possibly delay any gradual
or rapid increase in blood pressure.
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